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@ Solid state image sensor. 

(§) in this invention, in the principal surface portion of an 
impurity region of first conductive type composing a PN 
junction photo diode, an impurity region of reverse conductive 
type is formed in the almost entire region except for a part of 
side area of an electric charge reading part. When the impurity 
region of reverse conductive type Is formed in the principal 
surface portion of the impurity region of one conductive type, 
the interface trap level generated in the interface of the 
semiconductor substrate and silicon dioxide film on its surface 
can be reduced, so that the generation of dark current may by 
significantly decreased. 
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Description 



SOLID STATE IMAGE SENSOR 



This invention relates to a solid state image sensor 
used in a video camera and the like. 

A change coupled delvce (CCD) solid state image 5 
sensor, in particular, an interline transfer type CCD 
solid state image sensor possesses an excellent 
resolution and a high photo-sensitivity, and hence It 
has come to be used widely in video camera and 
other. 10 

FIG. 6 is a sectional view of a unit cell of a 
conventional interline transfer type CCD Image 
sensor using a PN junction photo diode as photo 
detector. 

In FIG. 6, one unit cell of a solid state image sensor 15 
is composed of a photo detector (PD) and a charge 
reading unit (CCD). A P-type well 2 is formed on an 
N-type silicon substrate 1. Near the surface in the 
P-type well 2, P-type channel stop regions 3, 4 for 
Isolating the adjacent unit cells are formed. These 20 
channel stop regions 3, 4 are connected to the 
grounding potential. Closely to one channel stop 
region 3 in the P-type well 2, an N-type region 5 
diffusing on N-type impurity is formed, and a PN 
junction photo diode of the photo detector (PD) is 25 
formed by the P-type well 2 and N-type region 5. 
Closely to the other channel stop region 4 in the 
P-type well 2, and N-type region 6 diffusing an N-type 
impurity is formed. This N-type region 6 is used as 
CCD transfer channel for sequentially transferring 30 
the signal electric changes generated in the photo 
detector (PD). The entire surface of the P-well 2 is 
covered with a silicon dioxide film 7. A polycrystalline 
silicon electrode 8 is buried in this silicon dioxide film 
7. This polycrystalline silicone electrode 8 serves as 35 
both a reading gate for reading out signal electric 
changes from the N-type region 5, to the N-type 
region 6, and a CCD transfer gate. On the surface of 
the silicon dioxide film 7, an aluminum film 9 is 
formed. The aluminum film 9 cuts off the incident 40 
light into other parts that the photo diode. In order to 
allow the excessive electric charge to overflow into 
the N-type silicon substrate 1, a reverse bias voltage 
of the P-type wafer 2 is applied to the N-type silicon 
substrate 1 from a bias source 10. (This technique 45 
itself was disclosed, for example, in ISSCC Digest 
Technical Papers, pp. 168-169, 1982.) 

Meanwhile, FIG. 6 shows only the portion for one 
unit cell of the CCD solid state image sensor, but 
actually multiple photo detectors (PD) and charge 50 
reading parts (CCD) are arranged in one row in a 
direction orthogonal to the surface of the paper, and 
further-more in a two-dimensional solid state image 
sensor, such photo detector (PD) row and charge 
reading part (CCD) row and arranged in multiple 55 
rows in a direction along the surface of the paper. 

In such constitution, when an external light enters 
the photo diode through the silicon dioxide film 7 
from the portion not covered with aluminum film 9, 
an electric charge is generated in the vicinity of the 60 
N-type region 5 and the P-type well 2 which 
compose the photo diode. The electric charges are 
read out into the N-type region 6 of CCD by applying 



a reading potential to the polycrystalline silicon 
electrode 8, and then, by alternately applying high 
potential and low potential to the multiple polycry- 
stalline silicon electrodes 8 arranged in a direction 
orthogonal to the surface of the paper, the electric 
charges accumulated in the N-type region 6 are 
sequentially transferred in a direction orthogonal to 
the surface of the paper. 

Incidentally in the conventional CCD solid state 
Image sensor shown In FIG. 6, some of output 
current is observed even if the incident light is cut off 
completely. This is a kind of noise called dark 
current. The dark current is known to increase 
exponentially along with the temperature rise. Fur- 
ther, the following fact has been discovered in the 
experiment by the present inventors. The image lag 
characteristic is known as one of the important 
characteristics of the CCD solid stage image sensor. 
The image lag characteristic is determined by the 
structure of the photo diode. Therefore, usually, the 
image lag is suppressed by using a so-called 
complete depletion type photo diode. It was, 
however, found that the dark current increases when 
the photo diode of complete depletion type is used 
in order to improve the image lag characteristic. 

When the dark current increases, the ratio of the 
dark current (N) to signal current (S) increases, 
particularly at low illumination intensity, and the 
so-called S/N ratio deteriorates. Besides, if the 
amplitude of dark current varies in each photo diode, 
the fixed pattern noise increases when the illumina- 
tion intensity is low or temperature is high. 

Therefore, in order to improve the overall charac- 
teristics of the CCD solid state image sensor, it is 
extremely important to suppress the dark current 
itself and the fluctuations of the amplitude of dark 
current in multiple photo diodes. 

It is hence a first object of this invention to present 
a solid state image sensor capable of suppressing 
the dark current. 

It is a second object of the invention to present a 
solid state image sensor capable of suppressing the 
fluctuations of the dark current among plural photo 
diodes. 

This Invention, in sum, is characterized by forma- 
tion of a reverse conductive type impurity region in a 
principal surface region of an impurity region of one 
conductive type composing the photo diode except 
for a part of CCD side. 

When an impurity region of reverse condcutive 
type is formed in the principal surface portion of the 
impurity region of one conductive type, the interface 
trap level formed in the interface between the 
semi-conductor substrate and the silicon dioxide 
film on its surface may be reduced, and hence the 
generation of dark current may be significantly 
decreased. 

Other objects of the invention will be more clearly 
understood and appreciated from the following 
detailed description of the embodiments taken in 
conjunction with the drawings. 
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FIG. 1 is a sectional view of a portion of one 
unit cell of a solid state image sensor fn a first 
embodiment of the invention ; 

FIG. 2 (a) is a drawing showing a potential 
profile along line A-A in FIG. 1 ; 

FIG. 2 (b) is a drawing showing a potential 
profile along line A-A in FIG. 6; 

FIG. 3 (a) to (d) are sectional views sequen- 
tially showing the manufacturing method of a 
solid state image sensor according to a second 
embodiment of the invention; 

FIG. 4 is a sectional view of a portion of one 
unit cell of the solid state image sensor in the 
second embodiment; 

FIG. 5 is a sectional view of a portion of one 
unit cell of the solid state image sensor in a third 
embodiment of the invention; and 

FIG. 6 is a sectional view of a portion of one 
unit ceil of a conventional solid state image 
sensor. 

FIG. 1 is a sectional view of a first embodiment of a 
solid state image sensor of the invention, and in 
FIG. 1 , too, same as In FIG. 6, only one unit cell of the 
interline transfer type CCD solid state image sensor 
using the PN junction photo diode as photo detector 
is shown. 

In FIG. 1, the parts substantially having the same 
functions as the conventional CCD solid state image 
sensor shown in FIG. 6 are identified with the same 
reference numerals, and the detailed explanation is 
emitted. 

As evident from the comparison between FIG. 1 
and FIG. 6, in FIG. 1, a P-type region 11 injecting or 
diffusing a P-type impurity Is formed in the surface 
portion of the N-type region 5 forming the photo 
diode. One edge of the P-type region 1 1 is located at 
a position remote from one edge of a polycrystalline 
silicon electrode 8 by distance £q, while the other 
edge of the P-type region 1 1 is connected to the 
P-type channel stop region 3. Therefore, the P-type 
region 11 is connected to the grounding potential 
through the channel stop region 3. In this embodi- 
ment, meanwhile, the junction depth of the P-type 
region 11 is 0.5 p.m and the surface impurity 
concentration Is 2 x 10 18 /cm 3 . 

Several causes are considered for generation of 
dark current, but as a result of the experiment by the 
present inventors, it has been discovered that the 
depleted region formed in the Interface between the 
silicon substrate and the silicon dioxide film on its 
surface is a principal source of dark current. Also 
seeing from the fact, as stated above, that the dark 
current increases when the photo diode of complete 
depletion type is used in order to improve the image 
lag characteristic, it is known that the depleted 
region in the interface of the substrate and silicon 
dioxide film Is a dominant factor for generation of 
dark current. 

That is, in the conventional CCD solid state image 
sensor shown in FIG. 6, depleted region is formed in 
the interface of the P-type well 2 ad N-type region 5, 
and also in the interface of the N-type region 5 and 
silicon dioxide film 7. Of them, the depleted region 
formed in the Interface of the N-type region 5 and 
silicon dioxide film 7, in other words, Interface trap 



level existing in the interface makes easier to 
generate electrons. The current generated by these 
electrons becomes a main component of the dark 
current. Still more, as a result of damage or 
5 electrostatic breakdown in the plasma processing or 
ion processing steps In the semiconductor process- 
ing steps, the density of interface trap level 
increases. Further the density of Interface trap level 
increases exponentially along with the temperature 
10 rise, so that the dark current increases as a matter of 
course. 

Accordingly, in the first embodiment of the 
invention shown in FIG. 1, the P-type region 11 is 
formed in the portion where the interface tape level 
15 is generated, that is, in the interface of the N-type 
region 5 and the silicon dioxide film 7, and this P-type 
region 11 is connected to the grounding potential 
through the P-type channel stop region 3. 

FIG. 2 (a) shows a potential profile along line A-A 

20 in FIG. 1 . Immediately beneath the silicon dioxide film 
7, an interface trap level 12 is generated as 
schematically indicated by X in FIG. 2 (a). On the 
other hand, FIG 2 (b) shows a potential profile along 
line A-A in FIG. 6. In the conventional structure 

25 shown In FIG. 6, since the N-type region 5 was 
formed immediately beneath the silicon dioxide film 
7, the potential profile continues flatly from the 
N-type region 5 to the interface with the silicon 
dioxide film 7 as shown by reference numeral 13 in 

30 FIG. 2 (b). Therefore, the electrons generated from 
the interface trap level flow into the N-type region 5, 
which causes the dark current. By contrast, in the 
structure of the first embodiment of the invention 
shown in FIG. 1, the P-type region 11 is buried in the 

35 surface portion of the N-type region 5, and this 
P-type region 11 is connected to the grounding 
potential. Accordingy, the potential profile is fixed at 
0V in the P-type region 1 1 as shown in FIG. 2 (a). As 
a result, the electrons generated at the interface trap 

40 level disappears by re-combining with holes through 
the P-type region 11. Therefore, the electrons 
generated at the interface trap level do not flow into 
the N-type region 5, and hence the dark current is 
suppressed notably. 

45 To suppress the dark current, meanwhile, it is 
desired to bury the P-type region 11 in the entire 
surface of the N-type region 5. Thus, the affects of 
the interface trap level in the region indicated by£<\ in 
FIG. 1 may be also suppressed. However, when £\ is 

50 set at about 0.5 \xxn t that is, about the depth of 
function of the P-type region 1 1 , the P-type impurity 
is diffused nearly to the lower part of the polycrystal- 
line silicon electrode 8, which may affect the 
potential profile in the reading action of the signal 

55 electric charge. Hence, the image lag due to 
imperfect pickup of the signal electric change may 
be likely to occur. Therefore, the value of £ 1 must be 
determined considering the shape of photo diode 
and impurity profile of N-type region 5 etc. In the 

60 embodiment shown in FIG. 1, setting £\ at 0.8 pm, 
the P-type region 1 1 was formed in about 80 percent 
of the surface area of the N-type region 5. At this 
time, the dark current was decreased to about 25<Vo 
of the conventional level. 

65 In the embodiment In FIG. 1, the Impurity 
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concentration of the P-type region 11 is 2 x 
10 18 /cm 3 . According to the experiment by the 
present inventors, when the impurity concentration 
of P-type region was in the order of 10 17 , the stability 
was poor, and in the order of 10 18 or more, depletion 
of the interface in the ordinary operation could be 
prevented, and the dark current could be stably 
suppressed. 

Meanwhile, in the first embodiment of the inven- 
tion shown in FIG. 1, the structure of the reading 
gate parts of CCD, that is, the N-type region 6, 
polycrystalline silicon electrode 8 and others may be 
same as in the conventional structure. Therefore, the 
characteristics relating to the functions of reading 
out signals are not changed at all. Therefore, it is not 
required to modify the external circuits connected to 
the CCD solid state image sensor. 

In the embodiment in FIGS. 1, 2, it is intended to 
suppress the dark current itself, but actually the 
amplitude of dark current components Is often 
different among multiple unit cells, and such fluctua- 
tion of the amplitude of dark current may lead to 
increasing noise, narrowing of dynamic range, and 
rough image of the entire picture as if seen through a 
ground glass at low illumination or high temperature. 

Besides, as stated in relation to the embodiment 
in FIG. 1, when the distance Z\ between the 
polycrystalline silicon electrode 8 and P-type region 
11 is narrowed, the dark current decreases, but the 
potential profile in the overlap area of the polycry- 
stalline silicone electrode 8 and N-type region 5 
becomes higher due to the effect of the P-type 
region 11. Accordingly, the image lag is likely to 
occur due to imperfect pickup of the signal electric 
charge in the reading action. 

in order to suppress such fluctuation of amplitude 
of dark current and improve the image lag character- 
istic, it is extremely important to control the position 
of the P-type region 1 1 accurately with respect to the 
polycrystalline silicon electrode 8. 

FIG. 3 (a) to (d) relate to a second embodiment of 
the invention, sequentially showing sectional views 
of manufacturing steps of a solid state image sensor 
capable of controlling the position of the P-type 
region 1 1 accurately with respect to the polycrystal- 
line silicon electrode 8, and FIG. 4 is a sectional view 
showing its completion state. Both FiG. 3 and FIG. 4, 
same as FIG. 1, show only the unit cell portion of the 
interline transfer type CCD solid state image sensor 
using PN junction photo diode as photo detector, 
and the same parts as in FIG. 1 substantially are 
identified with same reference numerals. 

Hereinafter the manfuacturing method is ex- 
plained while referring to FIG. 3 (a) to (d). 

First of all, as shown in FIG. 3 (a), a polycrystalline 
silicon electrode 8 is formed on a silicon dioxide film 
7. Thereafter, the polycrystalline silicon electrode 8 
is oxidized, and the silicon dioxide film 7 of about 
2500 A in thickness is formed on the surface and 
side face of the polycrystalline silicon electrode 8 
[FIG. 3 (b)]. Next, as shown in FIG. 3 (c), boron ions 
(B + ) are injected from the surface of the silicon 
dioxide film 7 toward the substrate surface. In FIG. 3 
(c), boron ions are injected through the silicon 
dioxide film 7, and at this time the silicon dioxide film 



at the side face of the polycrystalline silicon 
electrode 8 is thick, and therefore the polycrystalline 
silicon electrode 8 and the silicon dioxide film 7 at its 
side face work as masks when Injecting Ions. 

5 Accordingly, boron irons are injected into the region 
remote from the edge of the poiycrystalHne silicon 
electrode 8. The gap between the edge of the 
polycrystalline silicon electrode 8 and the boron 
injection region is determined by the film thickness 

10 of the silicon dioxide film 7 at the side face of the 
polycrystalline silicon electrode 8 grown in FIG. 3 (b). 
Therefore, by the heat treatment for about 1 hour at 
900° C, the impurities of boron ions are diffused 
toward the polycrystalline silicon electrode 8, 

15 thereby forming a P-type region 1 1 in a shape partly 
overlapping with the polycrystalline silicon elec- 
trode 8 [FIG. 3 (d)J. 

Thereafter, by forming an aluminum film 9 for 
cutting off light on the surface of the silicon dioxide 

20 film 7, the unit cell portion as shown In FIG. 4 is 
completed. 

In this manufacturing process, especially in the 
thermal diffusion step shown in FIG. 3 (d), when 
diffusing the boron ion Impurities toward the 
25 polycrystalline silicon electrode 8, it is important to 
optimize the process conditions in order to sup- 
pressing the dark current and the image lag in 
reading out signal electric charges as far as 
possible. When such process conditions are op- 
30 timized, the dark current may be sufficiently sup- 
pressed and the image lag characteristic may be 
satisfactorily maintained without having to keep a 
distance of Z\ between the P-type region 11 and the 
polycrystalline silicon electrode 8 as in the first 
35 embodiment of the invention shown in FIG. 1. 
According to the expriment by the present inven- 
tors, even if the gap £z in FiG. 4 (the overlapping 
width of polycrystalline silicon electrode 8 and 
N-type region 5) is set at 1.0 pm, longer than the 
40 junction depth 0.5 jim of the P-type region 11 and 
the P-type region 11 is diffused up to beneath the 
polycrystalline silicon electrode 8, the boron con- 
centration profile beneath the polycrystalline silicon 
electrode 8 can be accurately controlled by optimiz- 
45 ing the film thickness of the silicon dioxide film 7 at 
the side face of thepolycrystalline silicon electrode 8 
in FIG. 3 (c) and the thermal diffusion conditions in 
FIG. 3 (d), and as a result the dark current 
characteristic and image lag characteristic can be 
50 improved at the same time. 

Thus, the feature of the second embodiment of 
the invention disclosed in FIGS. 3, 4 is that the 
position or the area of the P-type region 11 is 
accurately controlled by self-alignment on the basic 
55 of the end portion of the polycrystalline silicon 
electrode 8. That is, in FIG. 3 (b), the film thickness of 
the silicon dioxide film 7 at the side face of the 
polycrystalline silicon electrode 8 can be accurately 
controlled. Besides, in FIG. 3 (c), since boron ions 
60 are injected by using the polycrystalline silicon 
electrode 8 and silicon dioxide film 7 as masks, the 
shape of the P-type region 11 can be accurately 
controlled. Moreover, when the heat treatment 
condition in FIG. 3 (d) is optimized, the boron 
65 concentration profile beneath the polycrystalline 
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silicon electrode 8 may be also controlled accur- 
ately. 

Thus, according to the second embodiment 
shown in FIGS. 3, 4, since the shape of the P-type 
region 11 and impurity concentration beneath the 
polycrystalline silicon electrode 8 can be accurately 
controlled, fluctuations of amplitude of dark current 
among multiple unit cells may be suppressed. As a 
result, noise, dynamic range and image lag charac- 
teristics are greatly improved. 

Incidentally, in the first and second embodiments 
shown in FIG. 1, FIG. 4, the aluminum film 9 for 
cutting off light is formed within the top area of the 
polycrystalline silicon electrode 8 or in a size slightly 
projecting from the end portion of the polycrystalline 
silicon electrode 8. Accordingly, the light obliquely 
entering the photo diode (PD) from upper right to 
the lower left corner of the drawing may pass near 
the end portion of the polycrystalline silicon elec- 
trode 8 to directly enter the CCD part. When the CCD 
directly receives an oblique incident light in this way, 
the signal electric charges due to the oblique 
incident light may be added to the original transfer 
electric charges during CCD reading period, and it 
may become a kind of false signal to make the image 
unclear, which is known as smear phenomenon. 

FIG. 5 shows a third embodiment capable of 
solving such problem. FIG. 5 also shows, same as 
the first and second embodiments, only the unit cell 
portion of the interline transfer type CCD solid state 
image sensor using PN junction photo diode as the 
photo detector. In FIG. 5, the part substantially same 
in function as those in FIGS. 1, 3 are identified with 
same reference numerals, and the detailed explana- 
tion is omitted. On the surface of a silicon dioxide 
film 7, an aluminum film 14 for cutting off light is 
formed in the portion excluding the region of the 
photo diode (PD). As evident from FIG. 5, the end 
portion of the aluminum film 14 is formed so as to 
over the surface of the silicon dioxide film 7 at both 
sides of the polycrystalline silicon electrode 8. In this 
way, as shown In FIG. 5, the aluminum film 14 is 
extended to the photo diode (PD) by the total 
dimension of the film thickness £3 of silicon dioxide 
film 7 and the film thickness £4 of aluminum film 14. 
As a result, the oblique light entering the CCD part 
may be securely blocked at the end portion of the 
aluminum film 14, so that generation of smear may 
be notably suppressed. 

In the foregoing embodiments, meanwhile, P-type 
well 2 is used as the substrate. By using the 
epitaxilaly grown P-type well 2 as the substrate, 
blooming and smear phenomena can be sup- 
pressed, and also it is effective to bring the spectral 
response closer to the response of the human eye. 

Besides, in the foregoing embodiments, the 
excess electric charge is designed to overflow into 
the N-type silicon substrate 1 , but a similar effect is 
obtained in a method of sweeping out the excess 
electric charge into the drain formed in the substrate 
surface portion. 

Furthermore, in all of the embodiments herein, the 
N-type silicon substrate 1 is used, but it may be also 
possible, needless to say, to use the P-type silicon 
substrate. 



Further, similar effects are also obtained when this 
invention is applied to the solid state Image sensor 
of other types than the CCD type. 

5 

Claims 

1 . A solid state image sensor comprising: 

a semiconductor substrate of first conductive 

10 type, and 

plural unit cells formed in the surface portion of 
said semiconductor substrate, wherein 
each one of said unit cells is composed of a 
photo detector and an electric charge reading 

15 part for reading out signal electric charge from 

said photo detector, 

said photo detector is composed of said 
semiconductor substrate, and an Impurity re- 
gion of second conductive type formed in the 
20 principal surface portion of said semiconductor 

substrate, and 

an impurity region of first conductive type is 
formed in the almost entire principal surface 
portion of said impurity region of second 
25 conductive type except for a part of the side 

area of said electric charge reading part. 

2. A solid state image sensor according to 
claim 1, wherein said impurity region of first 
conductive type is connected to the grounding 

30 potential. 

3. A solid state image sensor according to 
claim 1, wherein the impurity concentration of 
said impurity region of first conductive type is 1 
x10 18 /cm 3 or more. 

35 4. A solid state image sensor according to 

claim 1 , wherein a gap in a length of more than 
the junction depth of said impurity region of first 
conductive type is provided between one edge 
of said impurity region of first conductive type 

40 and one edge of the reading gate for compos- 

ing said electric charge reading part. 

5. A solid state image sensor according to 
claim 1, wherein a well of first conductive type 
formed on the surface of a semiconductor 

45 substrate of second conductive type is used as 

said semiconductor substrate of first conduc- 
tive type. 

6. A solid state image sensor comprising : 

a semicondcutor substrate of first conductive 

50 type, and 

plural unit cells formed in the surface portion of 
said semiconductor substrate, wherein 
each one of said unit cells is composed of a 
photo detector and an electric charge reading 

55 part for reading out signal electric charge from 

said photo detector, and 
said electric charge reading part is composed 
of a first insulation film formed on the principal 
surface of said semiconductor substrate, a 

60 reading gate formed on the surface of said first 

insulation film, a second insulation film formed 
on the surface and said face of said reading 
gate, and a light shielding film formed on the 
surface and side face of said second insulation 

65 film. 
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7. A solid state image sensor according to 
claim 6, wherein said photo detector is com- 
posed of said semiconductor substrate, and an 
impurity region of second conductive type 
formed in the principal surface portion of said 5 
semiconductor substrate, and an impurity re- 
gion of first conductive type is formed in the 
almost entire principal surface portion of said 
impurity region of second conductive type 
except for a part of the side area of said electric 10 
charge reading part. 

8. A solid state image sensor according to 
claim 6, wherein a well of first conductive type 
formed on the surface of a semiconductor 
substrate of second conductive type is used as 15 
said semiconductor substrate of first conduc- 
tive type. 

9. A solid state image sensor according to 
claim 7, wherein said impurity region of first 
conductive type is connected to the grounding 20 
potential. 

10. A solid state image sensor according to 
claim 7 t wherein the impurity concentration of 
said impurity region of first conductive type is 1 

X 10 18 /cm 3 or more. 25 

11. A manufacturing method of solid state 
image sensor comprising : 

a step of forming an impurity region of second 

conductive type to compose a photo detector in 

the surface portion of a semiconductor sub- 30 

strate of first conductive type, 

a step of forming a first insulation film of the 



surface of said semiconductor substrate and 
said impurity region of second conductive type, 
a step of forming a reading gate for reading out 
electric charge on the surface of said first 
insulation film so as to partly overlapped with 
said impurity region of second conductive type, 
a step of forming a second insulation film on the 
surface and side face of said reading gate, 
a step of forming an impurity region of first 
conductive type in the surface portion of said 
impurity region of second conductive type, 
using said reading gate and said second 
insulation film formed on the side of said 
reading gate as the mask, and 
a step of diffusing the impurity of said impurity 
region of first conductive type toward said 
reading gate side. 

12. A manufacturing method of solid state 
image sensor according to claim 11, wherein 
said impurity region of first conductive type is 
connected to the grounding potential. 

13. A manufacturing method of solid state 
image sensor according to claim 11, wherein 
the impurity concentration of said impurity 
region of first conductive type is 1 x 10 18 /cm 3 or 
more. 

14. A manufacturing method of solid state 
image sensor according to claim 11, wherein a 
well of first conductive type formed on the 
surface of a semiconductor substrate of sec- 
ond conductive type is used as said semicon- 
ductive substrate of first conductive type. 
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© Solid state image sensor. 

© In this invention, in the principal surface portion 
of an impurity region of first conductive type com- 
posing a PN junction photo diode, an impurity region 
of reverse conductive type is formed in the almost 
entire region except for a part of side area of an 
electric charge reading part. When the impurity re- 
gion of reverse conductive type is formed in the 
principal surface portion of the impurity region of 
Wone conductive type, the interface trap level gen- 
^erated in the interface of the semiconductor sub- 
l^strate and silicon dioxide film on its surface can be 
O) reduced, so that the generation of dark current may 
l"by significantly decreased. 
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